In the Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE) factorial trial, the combination of perindopril and indapamide reduced mortality among patients with type 2 diabetes, but intensive glucose control, targeting a glycated hemoglobin level of less than 6.5%, did not. We now report results of the 6-year post-trial follow-up.
P ost-trial follow-up studies involving patients with diabetes have previously shown long-term beneficial effects of earlier periods of intensive glucose control, but not blood-pressure lowering, on a range of outcomes, including mortality and macrovascular events. [1] [2] [3] The Epidemiology of Diabetes Interventions and Complications (EDIC) study, an extension of the Diabetes Control and Complications Trial (DCCT) involving young patients with type 1 diabetes and no history of cardiovascular disease, hypertension, or hypercholesterolemia, showed a lower risk of macrovascular events, as well as a sustained benefit with respect to microvascular complications, beyond the period of intensive glucose control. 1 The post-intervention follow-up of the United Kingdom Prospective Diabetes Study (UKPDS) also showed long-term beneficial effects of intensive glucose control in patients with newly diagnosed type 2 diabetes. 2 Among patients formerly assigned to intensive therapy as compared with conventional therapy, the reduced risk of microvascular events was maintained, and previously nonsignificant estimates of the effect of intensive therapy on the end points of death and myocardial infarction became significant with extended follow-up. 2 In contrast, no long-term benefits were detected with improved blood-pressure control in the UKPDS. 3 The Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE) trial assessed the effects of routine blood-pressure lowering and intensive glucose control in a broad cross section of patients with type 2 diabetes. 4, 5 Routine administration of a single-pill (fixed-dose) combination of perindopril and indapamide was associated with a reduction in the risk of the primary composite end point of major macrovascular or microvascular events. Reductions in the risks of death from any cause, death from cardiovascular causes, and nephropathy were also observed. 4 Intensive glucose control was associated with a reduction in the risk of the primary composite end point of major macrovascular or microvascular events, owing primarily to a reduction in the incidence of new or worsening nephropathy. 5 This benefit with respect to nephropathy included a reduction in the incidence of end-stage renal disease but not of death from renal disease. 6 No clear protective or harmful effects of intensive glucose control with respect to death from any cause or major macrovascular events were identified. 5 We now report the results from the posttrial follow-up of the ADVANCE-Observational Study (ADVANCE-ON), which was designed to test the hypotheses that there would be long-term benefits of the two active interventions.
Me thods

Randomized Trial
Details of the recruitment of patients and the study design and methods have been published previously. 7 In brief, 11,140 patients, 55 years of age or older, with type 2 diabetes and at least one additional risk factor for cardiovascular disease were enrolled between 2001 and 2003 at 215 centers in 20 countries. The study had a 2-by-2 factorial design. Patients were randomly assigned to a single-pill (fixed-dose) combination of perindopril (4 mg) and indapamide (1.25 mg) or matching placebo, after a 6-week active run-in period, and were also randomly assigned to a gliclazide (modified release)-based intensive glucose-control regimen, targeted to achieve a glycated hemoglobin level of 6.5% or lower, or to standard glucose control, with targets and regimens based on local guidelines. There were no inclusion or exclusion criteria related to blood pressure, and no blood-pressure targets were specified. The use of concomitant treatments during the trial, including other blood-pressure-lowering and glucosecontrol therapy, was at the discretion of the responsible physician. The last trial visits for the randomized blood-pressure-lowering comparison were completed in June 2007 after a median follow-up period of 4.4 years, at which time patients resumed their usual care for blood-pressure control. 4 The randomized glucose-control regimen continued for an additional 6 months, to ensure adequate study power in the context of a smaller-than-anticipated separation in glycated hemoglobin levels between the groups. The last trial visits for the glucose-control comparison were completed in January 2008 after a median followup period of 5.0 years. 5 At this time, all the patients discontinued their randomly assigned intervention and returned to the care of their usual physician for all aspects of treatment. trial. A detailed description of the original study protocol has been published previously, and the current protocol, including the statistical analysis plan (which was completed before the end of the follow-up period), is available with the full text of this article at NEJM.org. ADVANCE-ON was an investigator-initiated study that was designed, conducted, analyzed, and interpreted independently of the funders, including the commercial sponsor (Servier International). Servier International was given the opportunity to comment on the final draft of the manuscript but had no role in the decision to submit the manuscript for publication. The first two authors wrote all drafts of the manuscript. The writing committee (i.e., all the authors) and the management committee (see the Supplementary Appendix, available at NEJM.org), neither of which included representatives of the sponsors, had final responsibility for the manuscript and for the decision to submit it for publication. Two years after completion of the final ADVANCE trial visits, all local trial sites were invited to participate in the follow-up study, and 172 of 215 (80%) agreed. After approval of the study by the ethics review board at each site, all surviving trial patients were invited to participate in the post-trial follow-up. In January 2010, annual post-trial visits commenced. At the first post-trial visit, all the participants provided written informed consent and completed a standardized questionnaire on the occurrence of all study outcomes of interest and all medications they were taking. A random subgroup of 2000 patients, balanced across regions and across the prior randomized study groups, were also invited to undergo assessment of the glycated hemoglobin level, fasting blood glucose level, blood pressure, weight, serum creatinine level, and urinary albumin-to-creatinine ratio at the first post-trial visit, to determine whether differences observed during the trial (in-trial period) persisted. For patients known to have died after the final in-trial visit, the cause and date of death were recorded. For patients unwilling or unable to attend study visits in person, follow-up assessments were conducted by telephone or home visit, or information was provided by the primary care physician, other health care providers, or next of kin. At annual visits, patients completed a questionnaire on medication taken and study outcome events. In addition, at the final visits, which occurred between January 1, 2013, and February 28, 2014, patients attending visits in person were invited to undergo an assessment of the glycated hemoglobin level, fasting blood glucose level, weight, blood pressure, serum creatinine level, and urinary albumin-to-creatinine ratio, regardless of whether they had undergone these assessments at the first visit.
Study Outcomes
The two prespecified primary outcomes for the present study were death from any cause and major macrovascular events (a composite, as in the randomized trial, of nonfatal myocardial infarction, nonfatal stroke, or death from any cardiovascular cause). The prespecified secondary outcomes were death from cardiovascular causes, fatal or nonfatal myocardial infarction, fatal or nonfatal stroke, major clinical microvascular events (a composite of end-stage renal disease, defined as requirement for renal-replacement therapy; death from renal disease; requirement for retinal photocoagulation; or diabetes-related blindness in either eye), the separate components of this composite outcome, and major hypoglycemia (as defined in the original trial protocol 5 ). It was not possible to replicate the outcomes, "major microvascular events" and "new or worsening nephropathy," as defined in the original trial, because levels of serum creatinine and urinary albumin were measured in only a subgroup of participants during the post-trial follow-up. Outcomes occurring during the post-trial follow-up period were as reported by investigators at the study centers, according to prespecified definitions and criteria, and were not centrally adjudicated.
Statistical Analysis
All analyses were performed according to the initial study-group assignment. Treatment effects were examined with the use of cumulative-incidence survival curves and Cox proportional-hazards models. Data were censored at the time of the first relevant end point, the date of the patient's death, the date of the patient's last visit (for those still alive), or, for patients whose vital status was unknown at the end of the study (February 28, 2014), the date the patient was last known to be alive. Hazard ratios were estimated for the in-trial period and over the entire period of follow-up according to the intention-to-treat principle. We also performed a nonrandomized, * In the blood-pressure-lowering group, the median in-trial period was 4.4 years, and the median overall follow-up period was 9.9 years; in the glucose-control group, the median in-trial period was 5.0 years, and the median overall follow-up period was 9.9 years. The hazard ratio is for the active-therapy (perindopril-indapamide) group as compared with the placebo group for the blood-pressure-lowering cohort and for the intensive-glucose-control group as compared with the standard-glucose-control group for the glucose-control cohort.
observational analysis of incident events during the post-trial period alone. Serial hazard ratios with 95% confidence intervals were estimated at the end of each calendar year of post-trial follow up. Each hazard ratio was obtained from a Cox model that included all the data collected up to the end of that calendar year. The interaction between the effects of intensive glucose control and blood-pressure lowering and the homogeneity of treatment effects in prespecified subgroups were tested by adding an interaction term to the relevant Cox models. A sensitivity analysis that included data only from sites that were able to follow at least 85% of surviving patients was performed for the entire period of follow-up.
The analyses were performed with the use of SAS software, version 9.2. All tests were two-sided, and P values of less than 0.05 were considered to indicate statistical significance. The protocol prespecified that no adjustments would be made for the multiple statistical testing. 8 In light of this, the findings were interpreted with caution.
R esult s
Follow-up
Of the 10,261 participants who were alive when the blood-pressure-lowering comparison was completed and the 10,082 patients who were alive when the glucose-control comparison was completed, 8494 (83% and 84%, respectively) enrolled in the post-trial follow up; 5131 of the 7279 patients who were alive at the end of the follow-up period (70%) completed a visit during the final year of the follow-up study ( Fig. S1 and S2 in the Supplementary Appendix). The first post-trial visits occurred a median of 3.5 years after the final trial visit for the blood-pressure-lowering comparison and 2.9 years after the final trial visit for the glucose-control comparison. The median in-trial, post-trial, and total follow-up periods were 4.4 years, 5.9 years, and 9.9 years, respectively, for the blood-pressure-lowering comparison and 5.0 years, 5.4 years, and 9.9 years, respectively, for the glucose-control comparison.
Characteristics of the Patients
The prerandomization characteristics of the entire trial cohort and of the cohort that contributed further data during the post-trial follow-up are shown according to the original study-group assignment; the characteristics were similar in the two cohorts apart from such changes as are consistent with a healthy-survivor effect in the post-trial cohort ( Table 1 ). The prerandomization characteristics of the subgroups that had biochemical levels measured at the first and final post-trial visits were also similar to those of the entire cohort (Table S1 in the Supplementary Appendix). In addition, the prerandomization characteristics of the patients who completed a visit in the final year of post-trial follow-up were similar to those of patients who did not ( Table S2 in the Supplementary Appendix).
Treatment Patterns
After completion of the blood-pressure-lowering comparison of the trial, the use of perindoprilindapamide, other blood-pressure-lowering therapies, and other medications was well balanced between the group that had originally been assigned to perindopril-indapamide and the group that had originally been assigned to placebo (Table S3 in the Supplementary Appendix). The use of blood-pressure-lowering therapies had decreased by the first post-trial visit and then increased by the final post-trial visit, although approximately 20% of the patients remained off any such therapy.
After completion of the glucose-control comparison of the trial, the use of oral glucose-lowering therapies and insulin in the group that had originally been assigned to intensive glucose control and the group that had originally been assigned to standard glucose control converged, although some differences remained between the two groups ( Table S4 in the Supplementary Appendix). The use of insulin increased more in the standard-control group than in the intensivecontrol group, whereas the use of sulfonylureas, including modified-release gliclazide, decreased in both groups over time.
Blood Pressure and Glycemic Control
The mean between-group difference in blood pressure observed during the randomized ADVANCE trial (5.6/2.2 mm Hg, P<0.001) 4 was no longer evident 6 months after the end of that part of the trial: the blood pressures recorded at the time of the final randomized visit for the patients in the glucose-control comparison (6 months after the last visit for the blood-pressure control comparison) were 137/74 mm Hg in the perindopril-indapamide group and 136/74 mm Hg in the placebo group. The levels remained similar in the two blood-pressure-lowering study groups through the post-trial period ( Table S5 in the Supplementary  Appendix) .
The mean between-group difference in glycated hemoglobin levels (0.67 percentage points, P<0.001) 5 observed during the randomized ADVANCE trial was no longer evident by the first post-trial visit, an average of 2.9 years later (0.08 percentage points; 95% confidence interval [CI], −0.07 to 0.22; P = 0.29), and the levels remained similar at the conclusion of the posttrial follow-up (7.2% in the intensive-therapy group and 7.4% in the standard-therapy group) ( Table S6 in the Supplementary Appendix).
Other Risk Factors
Among the patients included in the blood-pressure-lowering comparison, the incidences of other risk factors were well balanced between the perindopril-indapamide group and the placebo group (Table S5 in the Supplementary Appendix). Among the patients included in the glucose-control comparison, the small difference of 1.6 mm Hg in systolic blood pressure that had been observed, on average, between the two glucose-control groups during the trial was diminished and no longer significant at the first post-trial visit (1.2 mm Hg, P = 0.17) and the final post-trial visit (0.9 mm Hg, P = 0.14). The mean body weight, serum creatinine level, and urinary albumin-to-creatinine ratio were similar in the intensive and standard glucose-control groups at the final post-trial visit ( Table S6 in the Supplementary Appendix).
Primary Outcomes
During the randomized blood-pressure intervention, 879 patients died and 1000 patients had a major macrovascular event ( Table 2) . During the post-trial follow-up period, an additional 1386 patients died and 1166 patients had an incident major macrovascular event. Among patients assigned to perindopril-indapamide therapy, there was a significant but attenuated cumulative benefit with respect to the incidence of death from any cause that extended to the end of the overall follow-up period (hazard ratio, 0.91; 95% CI, 0.84 to 0.99; P = 0.03) ( Table 2 and Fig. 1A and 2A) -a finding consistent with the in-trial finding of a significant risk reduction of 14% in the rate of death from any cause among patients assigned to perindopril-indapamide therapy (hazard ratio, 0.86; 95% CI, 0.75 to 0.98; P = 0.03). There was no evidence that the cumulative effects with respect to death from any cause varied according to the subgroups studied, including the subgroup defined according to assignment to intensive glucose control versus standard glucose control (P>0.20 for interaction for all subgroup analyses) ( Fig. S3 in the Supplementary Appendix). There was no cumulative benefit of perindopril-indapamide with respect to major macrovascular events, and the hazard ratios for this composite outcome were similar at the end of the in-trial period and at the end of the overall follow-up period, although they were not significant at either time ( Table 2 and Fig. 1B and 2B) .
During the randomized glucose-control intervention, 1031 patients died and 1147 patients recorded a major macrovascular event ( Table 2) . During the post-trial period, an additional 1234 patients died and 1019 patients recorded a major macrovascular event. There were no cumulative benefits of intensive glucose control with respect to either death from any cause or major macrovascular events ( Table 2 and Fig. 3A and 3B and 4A and 4B) -results that were consistent with in-trial findings. There was no evidence that the cumulative effects with respect to death from any cause varied according to the patient subgroups studied, including the subgroup defined according to assignment to active blood-pressurelowering therapy versus placebo (P>0.10 for interaction for all subgroup analyses) ( Fig. S4 in the Supplementary Appendix). 
Secondary Outcomes
In the blood-pressure-lowering cohort, an additional 520 deaths from cardiovascular causes, 393 myocardial infarctions, and 538 strokes were recorded during the post-trial period ( Table 2 ). The in-trial reduction in the risk of death from cardiovascular causes among those assigned to perindopril-indapamide (hazard ratio, 0.82; 95% CI, 0.68 to 0.98; P = 0.03) was attenuated but remained significant at the end of the overall follow-up period (hazard ratio, 0.88; 95% CI, 0.77 to 0.99; P = 0.04) ( Table 2 and Fig. 1C and 2C ). There were no cumulative benefits with respect to any other secondary outcome, including major clinical microvascular events ( Table 2 ). In the glucose-control cohort, an additional 349 major clinical microvascular events were recorded during the post-trial period ( Table 2 ). There were no cumulative benefits with respect to major clinical microvascular events ( Table 2 and Fig. 3D and 4D) or severe diabetes-related eye disease (Table 2 and Fig. 3F and 4F ). There was a significant cumulative benefit with respect to end-stage renal disease (hazard ratio, 0.54; 95% CI, 0.34 to 0.85; P = 0.007) ( Table 2 and Fig.  3E and 4E) , although relatively few events were recorded. There was no cumulative benefit with respect to death from renal disease or any other secondary outcome, including death from cardiovascular causes, myocardial infarction, and stroke ( Table 2) .
There was no significant interaction between the effects of glucose control and blood-pressure lowering with respect to any primary or secondary outcome (P>0.10 for interaction for all comparisons). When the cumulative effects were examined with data only from sites that were able to follow at least 85% of their surviving patients, the findings were unchanged in the glucose-control cohort, and the pattern of the effects in the blood-pressure-lowering cohort remained similar ( Table S7 in the Supplementary  Appendix) . However, the reduction in major macrovascular events observed in the perindoprilindapamide group, which was not significant in the total cohort (P = 0.06) ( Table 2) , did become significant when only sites that were able to follow at least 85% of their surviving patients were considered (P = 0.03) ( Table S7 in the Supplementary Appendix). Conversely, the reduction in death from cardiovascular causes, which was significant in the total cohort (P = 0.04), became nonsignificant when only sites that were able to follow at least 85% of their surviving patients were considered (P = 0.06).
When the post-trial observational period was examined alone, there was no reduction in the risk of any outcome among patients assigned to perindopril-indapamide as compared with those assigned to placebo or among patients assigned to intensive glucose control as compared with those assigned to standard glucose control (Table S8 in the Supplementary Appendix). Although the rate of major hypoglycemia was low overall, the increase in that rate in the intensive-glucosecontrol group versus the standard-glucose-control group, which was significant during the trial, was not significant at the end of the posttrial follow-up, when only the post-trial period was considered ( Table S8 in the Supplementary Appendix).
Discussion
After following the current cohort for a total of 10 years, including the in-trial period and the post-trial follow-up, we observed attenuated but still significant reductions in the rates of death from any cause and from cardiovascular causes resulting from the 4.5-year period of blood-pres- Shown is the percentage of patients who had events at any time after the start of randomized treatment, according to assignment to the intensive-glucose-control group or the standard-glucose-control group. Hazard ratios (intensive control vs. standard control) and P values are shown for the 12-year period from the start of randomized treatment to the end of the post-trial follow-up. The inset in Panel E (which shows an outcome that was reduced significantly with intensive glucose control) displays the same data on an enlarged y axis.
sure-lowering treatment with perindopril-indapamide (average difference in blood pressure of 5.6/2.2 mm Hg between the perindopril-indapamide group and the placebo group during the original trial). In contrast, we did not observe any significant benefits with respect to mortality, macrovascular events, or microvascular events resulting from the 5-year period of intensive glucose control (average difference in glycated hemoglobin level of 0.67 percentage points between the intensive-glucose-control group and the standardglucose-control group during the original trial). When the prespecified components of the microvascular outcome were examined, we observed a persistent benefit of intensive glucose control with respect to end-stage renal disease but no new benefit with respect to serious eye complications. The UKPDS post-trial follow-up study showed no persistence of the benefits of the earlier period of tight blood-pressure control with respect to macrovascular events or death. Although our blood-pressure findings appear to be different from those of the UKPDS, the point estimates for the major mortality end points are similar and are consistent with other post-trial follow-up studies of blood-pressure-lowering therapy in patients at high risk for cardiovascular events. [9] [10] [11] [12] [13] Indeed, a comparison of in-trial and post-trial numbers of events suggests that the cumulative reductions in mortality in the perindopril-indapamide group can be ascribed largely to a carrying forward of the effects observed during randomized treatment. It is possible that with even longer post-trial follow-up these effects might have further dissipated, as occurred in the UKPDS. The carry-forward effect and the gradual attenuation of benefits over time reinforce the importance of continuing blood-pressure-lowering medications if the benefits of treatment are to be fully realized.
The DCCT-EDIC and UKPDS post-trial follow-up studies showed the long-term beneficial effects of earlier periods of intensive glucose control with respect to macrovascular events and death. 1, 2 We did not observe any such long-term benefits after post-trial follow-up. In our trial, the original benefits of intensive glucose control were due primarily to reductions in the incidence of new or worsening nephropathy, driven by reductions in the progression of albuminuria and serious renal disease requiring renal-replacement therapy. 5, 6 We were unable to obtain the biochemical measurements (serum creatinine level and urinary albumin-to-creatinine ratio) required to assess the outcome of new or worsening nephropathy in all patients who entered the posttrial follow-up, so any conclusions can be based only on certain components, such as end-stage renal disease or death from renal disease. We observed benefits with respect to end-stage renal disease but no effects on the rate of death from renal disease, which may reflect the persistence of the effects observed during the trial. It is possible that the small differences in blood pressure between the intensive-glucose-control group and the standard-glucose-control group during the trial and post-trial periods contributed up to one quarter of this beneficial effect, as was reported for the benefits observed in the original trial. 5 Given the small number of events of end-stage renal disease (29 in the intensivecontrol group and 53 in the standard-control group), the benefits with respect to this end point should be interpreted with caution and studied further in future trials.
The divergent outcomes between our study and other studies of glucose control in patients with diabetes may be explained in part by differences in the response to the lowering of glucose across the trial populations. First, the younger patients with type 1 diabetes (in the DCCT-EDIC) 1 or with newly diagnosed type 2 diabetes (in the UKPDS) 2 may have been more likely to have long-term benefits from glucose lowering than the older patients with established disease who were included in our study. Second, there were differences between the studies in the in-trial levels of blood glucose, as reflected in the levels of glycated hemoglobin; the glycated hemoglobin level Hazard ratios are shown for events that occurred from the start of randomized treatment to the end of the glucose-control comparison (2008) and to the end of each year of post-trial follow-up (2010 through 2013). The hazard ratios are for the intensive-control group versus the standard-control group; values less than 1.00 represent better outcomes in the intensive-control group. P values are for the between-group comparison at the final visit for the randomized trial in 2008 and at the end of the post-trial follow-up period. The data for 2013 include those obtained in the first 2 months of 2014, when follow-up was terminated. Vertical lines indicate 95% confidence intervals. differed between study groups by an average of 0.67 percentage points over a period of 5 years in the ADVANCE trial, but the between-group difference was much larger in the DCCT (2.0 percentage points over a mean of 6.5 years during the trial) and slightly larger in the UKPDS (0.9 percentage points over a median of 10 years during the trial). 1, 2, 5 The baseline glycated hemoglobin levels in the patients in the DCCT and UKPDS (>8.5% in both trials) were also much higher than the baseline level in the patients in the ADVANCE trial (7.5%). 1, 2, 5 Moreover, during posttrial follow-up in the UKPDS, 2 the mean glycated hemoglobin level continued to decrease in both groups, whereas in our study, the level remained stable in the standard-glucose-control group and rose in the intensive-glucose-control group. Third, post-trial follow-up of our patients (5 years) was shorter than the follow-up for DCCT-EDIC and UKPDS (>10 years for both trials) and may have been insufficient for benefits to emerge. Fourth, it is possible that more widespread use of effective background preventive therapy in the ADVANCE trial masked the long-term effects. Finally, competing risk, which is a greater issue among older patients than among younger patients, may not have allowed the full effects of the glucose intervention to be observed in our study.
Our post-trial analysis has some limitations. First, our findings must be considered in the context of incomplete follow-up of the total ADVANCE cohort. Nevertheless, patients from all the original study groups who did participate in the posttrial follow-up and those who completed a visit in the final year of follow up had baseline characteristics that were similar to those in the entire trial population, allowing for the healthysurvivor effect. Second, end points recorded during the post-trial follow-up were not adjudicated; however, we have previously shown that central adjudication in the trial had little effect on the observed hazard ratios for any outcomes. 14 Third, many follow-up visits were conducted by telephone or questionnaire, with complete clinical and biochemical measurements available for only a limited subgroup of patients; therefore, we were not able to assess the possible persistence of benefits with respect to the original microvascular end point. Fourth, it should be stressed that although a comparison of outcomes across the entire follow-up period preserved the intention-to-treat principle, comparisons in the post-trial period alone are purely observational and hypothesisgenerating, because they may be confounded by differences in risk profiles arising during randomized treatment. Finally, given the multiple comparisons made, the results from individual hypothesis tests must be considered with caution.
In conclusion, among patients with longstanding type 2 diabetes, blood-pressure-lowering treatment with perindopril-indapamide for an average of 4.5 years resulted in attenuated but significant long-term benefits with respect to death from any cause and from cardiovascular causes, whereas intensive glucose control for an average of 5 years did not provide any long-term benefits with respect to death or major macrovascular events.
